27 Background: Various bacterial putative virulence factors are involved in the 28 pathogenesis of bacterial infection. However, the effect of comorbidities or infection 29 syndrome in the association of virulence factors and mortality remains inconclusive. 30 Method: This study addressed whether specific sequence type (ST) and virulence 31 factors of extended-spectrum beta-lactamase-producing Escherichia coli (ESBL-EC) 32 are associated with different outcomes in patients with bloodstream infection.121 33 adults from southern Taiwan with ESBL-producing E. coli bloodstream infections 34 were enrolled during a 6-year period. Demographic data, including infection 35 syndromes, underlying disease and outcomes, were collected. The virulence factors in 36 isolates were analyzed by PCR and multilocus sequence typing. 37 Result: Positivity for the virulence genes iha, hlyD, sat, iut, fyu, malX, ompT, usp and 38 traT was associated with ST131 positivity (P<0.05). Some ESBL-EC virulence genes 39 associated with urinary tract infection (UTI) were revealed. Positivity for ST405 and 40 the virulence genes iroN and iss was significantly associated with increased 30-day 41 mortality (death within 30 days) on univariate analysis (P<0.05). Independent risk 42 factors of 30-day mortality in bacteremic patients with UTI included underlying 43 chronic liver disease and malignancy. ST131 was borderline associated with 30-day 44 mortality. Independent risk factors associated with 30-day mortality among 45 bacteremic patients without UTI included comorbidities and iroN positivity. 46
associated with mortality. Positivity for the virulence gene iroN may be linked to 48 mortality in bacteremic patients without UTI. 49
Introduction: 50
Various proteins have been studied as putative virulence factors and shown to be 51 involved in adhesion to and invasion of host cells, iron availability, toxic effects on 52 host cells, or protection against the host's immune system. Some virulence factors are 53 associated with urinary tract infection (UTI) and some are associated with blood 54 invasion from the bowel. Previous study revealed pap, malX, usp, fyuA and 55 phylogentic group B genes positively associated with mortality.
[1] The co-occurrence 56 of multiple genes encoding papC, sfa, usp and cnf1 virulence factors probably 57
predisposes Escherichia coli to translocation from the gastrointestinal tract to the 58 vascular bed in patients with hematologic malignancies.
[2] A recent study showed that 59 differences in virulence gene prevalence between cystitis and pyelonephritis isolates 60 could be limited to 8 genes. [3] However, the association of virulence gene and disease 61 severity is still controversial. [4, 5] Few studies have focused on the relationship of 62 virulence factors and mortality in extended-spectrum beta-lactamase (ESBL) E. coli 63 (ESBL-EC) bacteremia. [6, 7] As well, these studies usually lack information on 64 sequence type (ST) or comorbidities.
Patients and ethics statement 82
The study consisted of adults aged 16 years or older with ESBL-EC bloodstream 83 infection in a teaching hospital in southern Taiwan during 2005-2010. 84 All patients were evaluated by using a structured recording form. Each clinical 85 course of infection was evaluated and recorded according to the information supplied 86 by primary care physicians and medical records. The diagnosis of the infection focus 87 of bacteremia was based on clinical, bacteriological, and radiological investigations. 88
If no infection focus could be identified, the bacteremia was classified as primary 89 infection. Only strains from the first bacteremic episode were included in the analysis. 90
Demographic data, including infection syndrome, underlying disease and 91 outcome, were collected from medical charts. The following items were recorded for 92 each patient: age; sex; underlying illness; severity of illness (classified by Charlson 93 comorbidity score); history of hospitalization or outpatient department involvement; 94 antibiotic use history for more than 7 days before the bacteremic episode; surgical 95 history within the previous 3 months; existence of a nasogastric tube, central venous 96 catheter, or urinary catheter; initial empirical antimicrobial agents used; and outcome. 97
If an in vitro active antimicrobial agent was administered before the final blood 98 culture result, it was considered adequate empirical therapy. This study was approved 99 by the institutional review board (IRB) at E-Da Hospital (no. EMRP-098-006). 100 the patients in this study. 102
Virulent gene detection 103
The virulence factors for ESBL-EC were analyzed by PCR and multilocus sequence 104 typing (MLST). Virulent genes examined included iutA (aerobactin iron transport 105 system), kpsMTII (capsular polysaccharide), hlyA (hemolysin), sfa/foc (S fimbriae and 106 
Statistical analyses 114
Analyses involved use of SAS 9.3 (Cary, NC, USA) and all statistical tests were 115 two-tailed. Continuous variables are described and were compared by Mann-Whitney 116 U test. Categorical variables are described with percentages and were compared by 117
Fisher exact test. Factors that may have a dose-response or trend relationship were 118 tested by Cochran-Armitage test for trend. Previous studies suggested that the 119 bacterial strain and site of infections may have important effects on the severity of 120 diseases, so the following characteristics were compared first in the analyses: (1) E. 121 coli O25b-ST131 versus non-O25b-ST131, (2) UTI versus non-UTI, and (3) death 122 within 30 days versus survival > 30 days. Possible interactions or effect modification 123 for these 3 characteristics with other patients or bacterial factors were also examined 124 by stratified analyses with the Breslow-Day heterogeneity test, with significance set at 6 by this factor. Factors showing significance at p<0.1 on univariate analysis were all 127 considered in the multivariate analysis. Stratified logistic regression was used to 128 estimate independent odds ratios (ORs) and 95% confidence intervals (95% CIs) for 129 bacterial strain, virulence factor or patient characteristics. P<0.05 was considered 130 statistically significant. 131
Results 132

Virulence gene distribution in ESBL-EC and between UTI and non-UTI 133 bacteremic patients 134
For the 121 adults included in the study, we analyzed the virulence genes of adhesions, 135 toxins, sideropherores, capsule and miscellaneous distribution with the ST131 and 136 non-ST131 clone.The mortality of different ST type was shown in Figuire 1. The 137 comorbidity of ST131 vs. ST131 was shown in Supplement Table 1 . Positivity for 138 the genes iha, hlyD, sat, iutA, fyuA, malX, ompT, and traT was more frequent with the 139 ST131 than non-ST131 clone (P<0.05) and that for vat, kpsMTII, kpsMTIIK1 and traT 140 was more frequent with the non-ST131 clone (P<0.05) (Table 1) . Positivity for the 141 virulence genes pap, iha, hlyD, sat, iutA, fyuA, malX, ompT, usp , and traT was more 142 frequent with than without UTI (Table 2) . 143
Virulence gene survey in patients with 30-day mortality and survival > 30 days 144
Mortality within 30 days was associated more with ST131 than ST405 infection ( and miscellaneous iss genes was associated with 30-day mortality in patients with 163 ESBL-EC bacteremia. In particular, positivity for the iron gene was associated with 164 30-day mortality in non-UTI bacteremic patients in stratified logistic regression 165
analysis. 166
The virulence score is greater with the ST131 clone than non-ST131 clone in 167
isolates.
[10] Our virulence gene analysis indicated that clone ST131 strains were 168 more like to be associated with traT, iutA, iha, ompT, fimH, malX, fyuA, kpsM, and sat 169 genes than non-ST131 strains. 170
Particularly, the virulence gene response for hemolysin and siderophores was 171 predominant in ST131 strains. This finding is consistent with its high virulence 172
potential in a mouse model of septicemia [15] and perhaps explains in part the higher 173 epidemiological success of the ST131 clonal group. 174
The prevalence of P fimbriation (papA) in isolates from patients with bacteremia 175 with UTI (urosepsis and pyelonephritis) is high as in isolates from patients with 176 bacteremia from other sources. P fimbriae may contribute to the ability of E. coli 177 strains to cause UTI.
[16] 178
The aerobactin system (iutA), responses for siderophores in E. coli, is encoded 179 by a five-gene operon, which is commonly found together with P fimbriae in isolates 180 from patients with UTI and urosepsis. An association of chromosomal aerobactin with 181 hemolysin (hlyD, and hlyA) is found among urosepsis isolates. Hemolytic 182 uropathogenic strains almost always also express P fimbriae (papA). Hemolysin 183 production is associated with the human pathogenic strain of E. coli, especially those 184 We found iroN and iss more frequently associated with 30-day mortality than 197 other virulence genes on univariate analysis. However, we also found positivity for 198 papA, papEF, papG alleleII, iha, hlyD, sat and malX with a protective effect on 199 mortality. FyuA and papGIII genes had no significant impact on 30-day mortality. 200
The virulence gene iroN is a novel E. coli gene, with 77% DNA homology to a 201 catecholate siderophore receptor gene recently identified in Salmonella. It is linked to 202 the P-pilus (prs) and F1C fimbrial (foc) gene clusters on a pathogenicity island and 203 appears to have been acquired by IS1230-mediated horizontal transmission. [19] Our data showed iroN indeed associated with higher 30-day mortality on 217 univariate analysis and in patients with cancers and chronic liver disease including 218 liver cirrhosis, was associated with 30-day mortality without UTI. 219
There were several limitations in this study. First, the mortality analysis may be 220 biased by selected isolates in single center in Taiwan. As well, the different strains 221 may not be generalized to other parts of the world. Second, although we considered 222 host factors in out multivariate analysis, we cannot exclude the possibility that some 223 virulence genes were linked to some specific hosts. 
